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ABSTRACT
Adverse factors cause a decrease in the productive potential of crops. For soybean [(Glycine max (L.)
Merrill], the excessive growth is a factor that results in plants with low effective efficiency. Thus, plants
with an architecture that favours greater interception of solar radiation and deposition of pesticides
tend to be more productive.  The objective of this study is to evaluate the different application of
lactofen,  which  is  used  as  a  growth  inhibitor,  improve  the  productive  efficiency  of  soybeans  by
increasing the biological  activity  of the leaves.  The study was conducted in the field with soybean
cultivars NA 5909 RG and BMX Potência RR. The experiment followed a randomized complete block
design with four treatments and five replicates: T1: control; T2: application of 140 g a.i ha-1 of lactofen in
phenological  stage V3;  T3:  application of 140 g a.i  ha-1  of lactofen in phenological  stage V6;  and T4:
application of 70 g a.i ha-1 of lactofen in phenological stage V3 + 70 g a.i ha-1 of lactofen in phenological
stage V6.  The interception of  photosynthetically active radiation in  the lower layer  increased in all
treatments. Lactofen application increased the percent area covered and the number of phytosanitary
products spray droplets per cm² in the middle and lower layers of the plants. The lower third of the
plants experienced the greatest effect of the treatments with regard to the number of pods, grains and
grain  weight,  with  treatment  T2 presenting  significant  increases.  The  use of  lactofen  as  a  growth
inhibitor at the beginning of pod development in soybean caused changes to plant architecture and
root development,  consequently enhanced the productive efficiency of the plant,  primarily due to
increased grain production in the lower layer. Future research using lactofen in different phenological
stages  and  cultivars  may  provide  more insights  in  to  the  performance of  this  growth  inhibitor  in
soybean.
Introduction
The main oilseed produced in the world is the soybean
[Glycine max (L.) Merrill], providing source of protein
to  the  animal  feed  and  also  in  human  diet  (1). A
number  of  adverse  factors  like  biotic  and  abiotic
stress,  environmental  adversities,  genetic  potential,
physiological  condition,  and others cause a decrease
in the productive capacity of soybean plants, including
excessive  growth,  which  results  in  plants  with  low
productive  efficiency  (2).  This  reduction  in  grain
productive  efficiency  is  primarily  caused  by  low
photosynthetic activity, which itself is mainly related
to canopy-shading, especially in the lower layer of the
plants.  Canopy cover causes the leaves  in the lower
layer  not  to  receive  sufficient  light  for  their
maintenance.  These  leaves  enter  in  senescence  and
fall,  consequently,  the  nodes  in  this  layer  are
incapable of producing pod and grains (3). In addition,
to  yield loss due to  canopy-shading,  it  is  difficult  to
control  diseases  and  pests  due  to  the  difficulty  of
pesticides reaching all the leaves during the spraying
(4). 
Growth  inhibitors are  natural  or  synthetic
chemicals that may alter vital or structural processes
of plants by modifying hormone balance (5), reducing
plant  height  without  affecting  environmental  and
morphological standards  (6). Therefore, management
techniques  like  as  the  use  of  growth  inhibitors  in
different concentrations and growth stages have been
studied  for  the  cultivation  of  wheat  (7),  barley  (5),
sugarcane  (8) and cotton  (9).  For soybean,  the doses
vary of the 70 g a.i. ha−1  (10), to 240 g a.i. ha–1 (11, 12)
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applied  in  different  stages.  However,  studies  on
soybean are still needed for a deeper understanding
of  solar  radiation  interception  and  pesticide
deposition on leaves. 
The  growth  inhibitor lactofen  causes
phytotoxicity  in  the  plants  after  its  application,
inhibiting  plant  growth,  breaking  the  apical
dominance  and  inducing  the  growth  of  lateral
branches  so  that  the  plants  tend  to  be  dwarf  (11).
Therefore,  this  study tested the  hypothesis  that  the
use of  lactofen on tall  cultivars  with  indeterminate
growth  habits would  tend  to  improve  their
productive  characteristics,  leading  to more efficient
photosynthetic  activity  and  facilitating  pesticide
spraying  for  disease  control.  These  effects  would
thereby increase grain yield, especially in the lower
layer of  the  plant.  The objective  of  this  study  is  to
evaluate  the  different  treatment  application  of
lactofen, which  is  used  as  a  growth  inhibitor,
improve  the  productive  efficiency  of  soybeans  by
increasing the biological activity of the leaves.
Materials and Methods
Study focus
The study was conducted in the field during the 2015-
16  production  season  (November-March)  at  the
Municipality of Passo Fundo, Rio Grande do Sul state
(RS), Brazil at 28º 23' S, 52 º 38' W at an altitude of 687
meters. Two experiments were performed, each with
a  different  soybean  released  varieties:  (i)  BMX
Potência RR (BRASMAX Genética),  which is tall,  has
indeterminate growth habits,  semi-early maturation
(group 6.7, 140 days), and is high-branching; and (ii)
NA 5909  RG (NIDERA  Sementes),  which  is  tall,  has
indeterminate  growth  habits,  early  maturation
(group 5.9, 130-140 days), and is high-branching. The
growth inhibitor used was lactofen (C19H15ClF3NO7) at
a concentration of 240 g a.i  L-1,  which is a diphenyl
ether  herbicide  recommended  to  control  broad-
leaved weeds (13). The lactofen mechanism action is
the inhibition protoporphyrinogen-IX oxidase (Protox
enzyme), that acts in chlorophyll biosynthesis. 
Experimental design
The  experiments  were  conducted  in  a  randomized
complete block design consisting of four treatments
and five replicates: T1: control; T2: application of 140 g
a.i ha-1 of lactofen in stage V3; T3: application of 140 g
a.i ha-1 of lactofen in stage V6; and T4: application of 70
g  a.i  ha-1 of  lactofen  in  stage  V3 +  70  g  a.i  ha-1 of
lactofen  in  stage  V6,  according  to  the  phenological
scale  proposed by Fehr et  al.  (14).  The fertilization
was carried out with 6 kg.ha-1 of N, 60 kg.ha-1 of P2O5
and 60 kg ha-1 of K2O. The seeds were inoculated with
Bradyrhizobium  japonicum  and  treated  with
insecticides  (imidacloprid  and  thiodicarb)  and
fungicides  (carbendazim  and  thiram).  Proper  plant
density was 25 plants m-² and 28 plants m-² for BMX
Potência  RR  (BRASMAX  Genética)  and  NA  5909  RG
(NIDERA Sementes), respectively. Each experimental
plot was composed of seven 9 m long planting rows
spaced  0.45  m  apart.  Lactofen  was  applied  with  a
CO2-pressurized backpack sprayer (Herbicat, HB PES
003) fitted with a spray boom containing four turbos
flat TeeJet® TT110015 spray nozzles, which produced
medium-sized droplets (15). The nozzles were spaced
0.50 m apart, with constant working pressure, set to a
spray volume of 150 L ha-1. 
Nodulation and root characterization
The nodulation was evaluated at phenological stage
V3 and  V6.  Ten plants  per  plot  were  collected.  The
number  of  nodules  were  counted  and  the  nodules
were  taken  to  a  drying  oven  (60  ºC)  for  reached
constant mass (16). After drying, the nodule dry mass
per plant (g) was determined.  To evaluate the roots,
samples  were  collected  at  phenological  stage  R5.1.
The samples were collected as soil blocks of known
area,  according  to  the  method  proposed  by  Böhm
(17). The blocks measured 0.3 m in depth x 0.45 m
length x 0.45 m width. The roots were washed for soil
removal using metal tables with metal screens. The
evaluations of the volume (cm³ m-²), specific surface
area (cm² m-²), dry mass (g m-²) and length (cm) were
performed. The results were extrapolated to 1 m² of
soil at the collection depth of 0.3 m. The volume and
specific  surface  area  were  determined  using  an
image  analysis  method  with  the  Fibre  and  Root
Analysis  System  (SAFIRA).  The  root  dry  mass  was
obtained by drying in an oven at 60 ºC to a constant
weight. The root lengths were obtained by a simple
measurement of the taproot with a ruler.
Characterization of photosynthetically active 
radiation interception
The  interception  of  photosynthetically  active
radiation in the upper and lower strata of the plant
canopy and the light  extinction coefficient (k) were
monitored  beginning  at  phenological  stage  R1.  The
solar  radiation  intercepted  in  the  upper  and lower
layers was determined as follows: the total radiation
intercepted in the upper layer minus that intercepted
in  the  middle  layer  provides  values  for  the  upper
layer,  and this  value  minus the  interception in the
lower layer provides the  value for the lower layer.
These  readings  were  performed  with  the  aid  of  a
ceptometer (AccuPAR,  LP-80),  which was positioned
in the inter-row at the different layers. The readings
were performed over 10 days, always at noon and on
days  with  a  completely  clear  sky  (18). The  results
were expressed in µmol.m-² s-¹.
Characterization of droplet deposition
For  the  evaluation  of  droplet  deposition,  spray
application was performed only with water using a
mechanized  sprayer  (Jacto,  CONDOR  600  M12),
equipped  with  TeeJet® TT110015  turbo  flat  spray
nozzles, which produced medium-sized droplets (15).
The working speed was set at 6.0 km h-1 to obtain a
spray volume of 150 L ha-1. At the time of spraying for
each  of  the  treatments  (stage  R2),  water-sensitive
paper  (SYN7626)  was  placed  in  each  third  of  the
plants (upper, middle and lower), attached by an iron
rod inserted  into  the  ground  in  the  inter-row.  The
purpose of this study is to evaluate the deposition of
pesticide spray on the different  layers of the plant.
After application, the papers were labelled and stored
in  paper  envelopes  to  determine  the  percent  area
covered and the number of droplets per cm². Reading
of the papers was performed using the DropScope®
program.
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Grain yield components
Ten plants of each plot were randomly selected. The
variables  related  to  the  yield  components  were
estimated and stratified by plant layer (upper, middle
and lower) as follows: number of pods per layer, total
pods per plant, number of empty pods per layer, total
empty pods per plant,  number of grains,  and grain
weight  per  layer  (corrected for  13% moisture).  For
the determination of grain yield (kg ha-1), the harvest
was  carried  out  with  a  plot  harvester  (SEMINA,
M1400). The samples were weighed, corrected to 13%
moisture and processed to obtain the grain yield per
hectare.  The  thousand-grain  weight  (TGW)  was
determined at the time of harvest by collecting one
sample and counting 250 grains, with the correction
to 13% moisture.
Statistical analysis
The  data  were  subjected  to  analysis  of  variance
(ANOVA),  and  the  means  were  compared  using
Duncan’s  test  at  5%  probability.  The  statistical
program CoStat® (19) was used.
Results and Discussion
The  application  of  lactofen  at  the  distinct
phenological  stages  and  doses  did  not  alter  the
number and dry mass of nodules for the cultivar NA
5909 RG. The treatments did not affect the number of
nodules  of  the  cultivar  BMX Potência  RR (Table  1).
The dry mass of the nodules in the phenological stage
V3 did  not  differ  among  the  treatments,  while
phenological stage V6 showed a difference among the
treatments (Table 1). Specifically, application of 140 g
a.i ha-1 of lactofen in phenological stage V3 (treatment
2) resulted in a nodule dry mass of 0.23 g, which was
the lowest value, whereas this value for the control
condition  was  0.33  g,  the  highest  observed  value
(Table 1).
For  good biological nitrogen fixation (BNF), it is
necessary  to  have  between  15  and  30  nodules  per
plant with a dry mass of 100 to 200 mg (19). Thus, the
number of nodules and dry mass found in this study
are considered sufficient  for BNF. The phenological
stage  of  plant  development  at  the  beginning  of
symbiosis (V2 to V4) (21), is also the best stage for the
use of growth inhibitors.  The number of nodes per
plant  is  determined  at  this  time,  and  the
concentration of auxin at the plant apex is the highest
(3).  Thus,  interference  in  these  phenological  stages
has the greatest effects on architecture modification
and change in growth patterns. 
The  root  volume  was  not  affected  by  the
treatments  for  cultivar  NA  5090  RG,  presenting  a
volume of approximately 260 cm³ m-²; however, for
the BMX Potência RR cultivar, application of 70 g a.i
ha-1  of lactofen in phenological stage V3 + 70 g a.i ha-1
of lactofen in phenological stage V6 (treatment T4) had
a lower root volume (188.61 cm³ m -²),  with a mean
value  of  235 cm³ m-²  (Table  2).  This  effect  may be
directly associated with energy reallocation from root
growth  towards  recovery  from  the  phytotoxicity
induced by lactofen. Santos et al. (22) found reduced
development of soybean roots when subjected to high
doses  of  glyphosate,  indicating  that  interference or
phytotoxicity  can  lead  to  decreased  root
development.  As  well  as,  besides  phytotoxicity,
soybean  plants  submitted  to  application  of  the
lactofen plus glyphosate showed lower plant height
(23).
For the specific surface area (SSA) of roots in
cultivar NA 5909 RG, treatments T4  (application of 70
g a.i ha-1 of lactofen in phenological stage V3 + 70 g a.i
ha-1  of  lactofen  in  phenological  stage  V6),  and  T2
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Table 2. Roots characteristic of two soybean cultivars subjected to 
lactofen application.
NA 5909 RG
Treatment Volume(cm³.m²)
SSA
(cm².m²)
Dry mass
(g.m²)
Length
(cm)
T1 270.6ns 5557.8 b 63.4ns 29.0 a*
T2 247.9 6840.8 ab 60.1 28.0 a
T3 252.8 5512.9 b 57.3 22.3 b
T4 265.6 7917.1 a 65.0 21.2 b
C.V. (%) 12.5 16.9 9.0 13.2
Significance 0,7378 0,0321 0,2228 0,0360
BMX Potência RR
Treatment Volume(cm³.m²)
SSA
(cm².m²)
Dry mass
(g.m²)
Length
(cm)
T1 246.7 a 6533.2 b 63.9 a 22.9ns*
T2 228.1a 5317.3 c 57.4 ab 26.9
T3 231.1 a 3773.5 d 47.9 c 27.3
T4 188.6 b 8033.6 a 52.8 bc 24.9
C.V. (%) 11.7 11.5 9.7 12.4
Significance 0,0451 0,0001 0,0128 0,3036
Means followed by lowercase letters  in the same column do not
differ  at  a  p>0,05  by  the  Duncan  test.  ns:  Non-significant.  C.V.:
Coefficient of variation. SSA: Specific surface area. T1- control 0; T2
-  140  g  a.i  ha-1  at  phenological  stage  V3;  T3  -  140  g  a.i  ha-1  at
phenological stage V6; T4 - 70 g a.i ha -1 at phenological stage V3 + 70
g a.i ha-1 at phenological stage V6. * - means per plant.
Table 1.  Number and dry mass of nodules for soybean cultivars
subjected to lactofen application
NA 5909 RG
Treatment
V3 stage V6 stage
Nodules Dry mass (g) Nodules Dry mass (g)
T1 29.2ns* 0.1ns 55.8ns 0.3ns
T2 30.8 0.1 53.9 0.3 
T3 30.4 0.1 62.0 0.2 
T4 28.1 0.1 63.1 0.3
Significance 0,8216 0,5102 0,1598 0,7082
CV (%) 12.6 14.8 11.1 12.3
BMX Potência RR
Treatment
V3 stage  V6 stage
Nodules Dry mass (g) Nodules Dry mass (g)
T1 23.4ns* 0.1ns 80.6ns 0.3 a
T2 24.3 0.1 61.5 0.2 c
T3 24.9 0.1 80.7 0.3 ab
T4 25.5 0.1 63.8 0.3 bc
C.V. (%) 8.1 14.2 21.9 14.8
Significance 0,4772 0,7143 0,3366 0,0157
Means followed by lowercase letters  in the same column do not
differ  at  a  p>0,05  by  the  Duncan  test.  ns:  Non-significant.  C.V.:
Coefficient of variation. V3 - third trefoil open, without the leaflet
margins  touching.  V6  -  sixth  trefoil  open,  without  the  leaflet
margins touching. Treatments: T1- control 0; T2 - 140 g a.i ha -1  at
phenological stage V3; T3 140 g a.i ha-1 at phenological stage V6; T4 -
70 g a.i ha-1  at phenological stage V3 + 70 g a.i ha-1  at phenological
stage V6. * - means per plant.
(application  of  140  g  a.i  ha-1 of  lactofen  in
phenological  stage V3)  presented the highest values,
6840.85 and 7917.14 cm² m-², respectively (Table 2).
For the cultivar BMX Potência RR, the root SSA was
different for each of the treatments. The application
of 70 g a.i ha-1 of lactofen in phenological stage V3 + 70
g  a.i  ha-1  of  lactofen  in  phenological  stage  V6
(Treatment  T4) presented  the  highest  SSA  (8033.58
cm² m-²) and application of 140 g a.i ha-1 of lactofen in
phenological  stage  V6 (Treatment  T3) the  lowest
(3773.53 cm² m-²); these values represent variability
of approximately 46% between the two most distinct
treatments (Table 2). The increase in SSA of the roots
is  highly  beneficial  because  it  increases  soil
exploration capacity,  allowing  for  greater  access  to
water and nutrients (23).
The root dry mass did not differ among the
treatments for cultivar NA 5909 RG, however, for the
BMX Potência RR cultivar, the control presented the
highest dry mass (63.96 g m-²) and application of 140
g  a.i  ha-1  of  lactofen  in  phenological  stage  V6
(Treatment T3) the lowest (47.93 g m-²) (Table 2). The
control and application of 140 g a.i ha -1 of lactofen in
phenological stage V3  (Treatment T2) had the highest
root length for cultivar NA 5909 RG, with 29.02 and
28.03 cm, respectively, compared to 22.34 and 21.16
cm  for  application  of  140  g  a.i  ha-1  of  lactofen  in
phenological stage V6 (Treatment T3) and application
of 70 g a.i ha-1 of lactofen in phenological stage V3 + 70
g  a.i  ha-1  of  lactofen  in  phenological  stage  V6
(  Treatment  T4)  (Table  2).  The  greater  the  root
development at depth, the higher the plant’s ability to
seek water at depths under water stress conditions
(24). The root length of cultivar BMX Potência RR did
differ among the treatments, presenting a mean of 25
cm (Table 2).
The  amount  of  photosynthetically  active
radiation intercepted in the upper layer of the plants
was not affected by the treatments in either cultivar
(Table 3). However, an interception in the lower layer
was affected (Table 3). The treatments that received
lactofen application presented a mean increase in the
interception of solar radiation of 32 and 34 µmol m².s-
¹ for NA 5909 RG and BMX Potência RR, respectively
(Table 3). This effect is directly related to the change
in plant architecture. Soybean cultivars that present
excessive growth easily suffers from inefficient use of
solar radiation (25).
With the use of lactofen, a 15% increase in the
interception  of  photosynthetically  active  radiation
was observed in the lower plant stratum for cultivar
NA 5909 RG in comparison to the control. Similarly,
an increase  of  33% was observed for  cultivar  BMX
Potência RR (Table 3). There was no difference in the
light extinction coefficient (k) among the treatments
for either cultivar (Table 3).
Due  to  change  in  plant  architecture  resulting
from lactofen,  the  lower layer  of  plants  received a
greater  amount  of  solar  radiation,  making  them
photosynthetically more efficient. Plants with greater
photosynthetic  efficiency,  especially  in  the  grain-
filling  period,  are  more  productive  and  tend  to
express  their  productive  potential  more easily  (26).
The  greater  interception  of  solar  radiation  via  the
change  in  architecture  generally  led  to  increased
productivity (3). Thus, to provide a greater amount of
light for soybean plants at the beginning of flowering
allows for a greater number of effective pods at the
end of the cycle  (3). Consequently,  there is increase
yield,  and  this  response  is  caused  mainly  by  the
maintenance of photosynthesis in leaves in the lower
plant part.
The  percent  area  covered  and  the  number  of
droplets per cm² applied by spraying was affected by
the  treatments,  primarily  in  the  middle  and  lower
plant layers for the two cultivars studied (Table 4). In
the middle  layer of  cultivar  NA 5909 RG,  all  of  the
treatments  that  received  lactofen  application
presented  a  greater  coverage  percentage  and  a
greater number of droplets per cm² compared to the
control  (Table  4).  The  results  for  cultivar  BMX
Potência RR were similar, with the control presenting
the lowest percent covered area in comparison with
the other treatments. The control did not differ from
treatments T3 (application of 140 g a.i ha-1  of lactofen
in phenological stage V6) and T4 (application of 70 g
a.i ha-1  of lactofen in phenological stage V3 + 70 g a.i
ha-1 of lactofen in phenological stage V6) regarding the
number of droplets per cm² (Table 4).
In  general,  the  upper  layer  of  the  plant
intercepts a high number of droplets and has a larger
area covered than is necessary (27). The deposition of
spray  droplets  in  soybean  stage  R1  in  the  apical
region  was  almost  three  times  higher  than  in  the
basal region (28). Moreover, spray depositions in the
lower layer were significantly lower than the upper
layer (27). 
In the  lower plant  layer,  the  application  of
lactofen increased the percent coverage and number
of droplets  per cm² when compared to the control.
This effect was greater than 100% for both cultivars.
The  largest  differences  between  treatments  were
observed  in  the  lower  layer  of  the  plants,  where
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Table  3.  Interception  of  photosynthetically  active  radiation  per
plant third and light extinction coefficient (k) at phenological stage
R2 of two soybean cultivars subjected to lactofen application
NA 5909 RG
Treatment Upper(µmol.m².s-¹)
Lower
(µmol.m².s-¹)
Extinction coefficient
(k)
T1 1525.8ns* 99.4 b 0.6ns
T2 1479.9 134.4 a 0.6 
T3 1430.9 137.6 a 0.5 
T4 1467.8 122.2 a  0.4
C.V. (%) 3.4 13.1 15.6
Significance 0,1738 0,0317 0,0765
BMX Potência RR
Treatment Upper(µmol.m².s-¹)
Lower
(µmol.m².s-¹)
Extinction coefficient
(k)
T1 1758.9ns* 85.4 b 0.9ns
T2 1677.8 123.3 a 0.7
T3 1682.3 130.3 a 0.8
T4 1693.0 131.9 a 0.8
C.V. (%) 4.1 10.1 15.7
Significance 0,3514 0,0017 0,1242
Means followed by lowercase letters  in the same column do not
differ  at  a  p>0,05  by  the  Duncan  test.  ns:  Non-significant.  C.V.:
Coefficient of variation.  k:  extinction coefficient.  Treatments:  T1-
control 0; T2 - 140 g a.i ha-1 at phenological stage V3; T3 140 g a.i ha-1
at phenological stage V6; T4 - 70 g a.i ha -1 at phenological stage V3 +
70 g a.i ha-1 at phenological stage V6. * - means per plant.
application of 140 g a.i ha-1 of lactofen in phenological
stage V3  (Treatment T2)  produced the greatest effect
(Table 4). In cultivar NA 5909 RG, application of 140 g
a.i ha-1 of lactofen in phenological stage V3 compared
to  the  control  showed  a  16-fold  increase  in  the
percent  coverage  and  a  12-fold  increase  in  the
number  of  droplets  per  cm².  For  cultivar,  BMX
Potência  RR,  the  per  cent  coverage  was  20-fold
higher, and the number of droplets per cm² was 14-
fold higher than the control condition (Table 4). 
The  product  deposition  in  the  soybean
canopy  provided  by  fungicide  application  in  the
lower  part  is  generally  low  resulting  in  inefficient
disease  control  (29).  Therefore,  it  is  necessary  to
develop  strategies  to  increase  the  deposition  of
herbicide  spray  droplets  on  the  lower  part  of  the
canopy.  In  this  way,  soybean  cultivars  with  low
height, branch number, and leaf area index exhibited
more  product  deposition  in  the  middle  and  lower
canopy layers (30). 
The number of  pods  in the  upper  layer of  the
plants was affected by the treatments only in cultivar
BMX Potência RR, where application of 140 g a.i ha-1
of  lactofen  in  phenological  stage  V3 (Treatment  T2)
presented  the  largest  number of  pods  compared to
the control (Table 5). This variable was not affected
by  the  treatments  in  either  cultivar  in  the  middle
layer of  the plant  (Table  5).  The lower layer of  the
plant presented similar results for the two cultivars,
and  treatment  T2 presented  the  largest  number  of
pods,  5.86  and  13.26  for  NA  5909  RG  and  BMX
Potência RR, respectively (Table 5). The total number
of pods per plant differed among treatments only for
cultivar BMX Potência RR, where application of 140 g
a.i ha-1 of lactofen in phenological stage V3 (Treatment
T2),  with  55.44  pods,  again  presented  the  highest
number (Table 5).
The number of empty pods in the upper layer
of  the  plants  differed  among  treatments  for  both
compared to 4.3 for the mean of the other treatments
(Table 5). The number of empty pods in the middle
layer of cultivar NA 5909 RG did not differ among the
treatments.  BMX  Potência  RR  followed  the  same
pattern for the  upper layer,  where the control  was
the treatment with the lowest number of empty pods,
with  a  mean  of  5.12  and  the  other  treatments
exhibiting  a  mean  of  7.31  (Table  5).  The  greatest
treatment effect was observed on the lower layer of
the plants, and in the  application of 140 g a.i ha-1 of
lactofen  in  phenological  stage  V3 (Treatment  T2)
resulted in the highest number of empty pods for the
two cultivars  (Table  5).  The total  number of  empty
pods per plant did not differ among treatments for
cultivar  NA  5909  RG,  while  the  control  was  the
treatment that presented the lowest number of empty
pods per plant for cultivar BMX Potência RR (Table 5).
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Table 5. Number of pods and empty pods in the different thirds of
two soybean cultivars subjected to lactofen application
Number of pods 
NA 5909 RG
Treatment Upper third Middle third Lower third Total pods plant-1
T1 19.7ns* 33.6ns 3.3 b 56.6ns
T2 18.6 29.7 5.9 a 54.2
T3 20.7 35.0 4.3 b 60.0
T4 17.7 31.2 3.1 b 52.1
C.V. (%) 15.0 21.0 23.9 17.3
Significance 0,4840 0,6853 0,0143 0,9346
BMX Potência RR
Treatment Upper third Middle third Lower third Total pods plant-1
T1 12.6b* 23.9ns 8.7 b 45.2 b
T2 15.5 a 26.6 13.3 a 55.4 a
T3 14.4 ab 24.9 8.1 b 47.3 b
T4 13.4 ab 25.9 9.3 b 48.6 ab
C.V. (%) 13.0 13.2 24.07 10.4
Significance 0,0351 0,6751 0,0598 0,0829
Number of empty pods
NA 5909 RG
Treatment Upper third Middle third Lower third Total empty pods plant-1
T1 5.1 a* 10.3ns 1.2 b 16.7ns
T2 4.1 b 8.6 2.6 a 15.3
T3 4.1 b 12.0 1.2 b 17.6
T4 3.7 b 9.6 1.1 b 14.3
C.V. (%) 16.4 24.4 23.5 19.6
Significance 0,0664 0,3381 0,0005 0,4773
BMX Potência RR
Treatment Upper third Middle third Lower third Total empty pods plant-1
T1 3.1 c* 5.1 b 2.7 b 10.9 c
T2 4.5 ab 7.9 a 4.1 a 16.4 a
T3 3.9 b 6.7 ab 2.1 b 13.2 bc
T4 4.6 a 7.3 a 3.4 b 15.2 ab
C.V. (%) 11.4 20.4 17.5 12.8
Significance 0,0048 0,0734 0,0031 0,0091
Means followed by lowercase letters  in the same column do not
differ  at  a  p>0,05  by  the  Duncan  test.  ns:  Non-significant.  C.V.:
Coefficient of variation. Treatments: T1- control 0; T2 - 140 g a.i ha -1
at phenological stage V3; T3 - 140 g a.i ha-1 at phenological stage V6;
T4  -  70  g  a.i  ha-1  at  phenological  stage  V3  +  70  g  a.i  ha-1  at
phenological stage V6. * - means per plant.
Table 4.  Deposition of droplets on leaves of the soybean cultivars
in  the  different  plant  thirds  at  phenological  stage  R2  under
different lactofen applications
NA 5909 RG
Treat-
ment
Upper third Middle third Lower third
Covered
area (%)
Droplets
cm²
Covered
area (%)
Droplets
cm²
Covered
area (%)
Droplets
cm²
T1 28.8ns* 232.7ns 7.2 b 56.6 b 1.1 d 10.6 d
T2 27.57 194.6 18.3 a 129.5 a 17.3 a 130.2 a
T3 20.9 186.2 18.1 a 129.9 a 8.9 c 71.1 c
T4 29.9 238.4 21.3 a 154.6 a 12.7 b 96.4 b
C.V.
(%)
23.45 16.9 20.3 26.0 18.4 23.6
Signifi-
cance 0,2460 0,1507 0,0009 0,0095 0,0000 0,0000
BMX Potência RR
Treat-
ment
Upper third Middle third Lower third
Covered
area (%)
Droplets
cm²
Covered 
area (%)
Droplets
cm2
Covered 
area (%)
Droplets
cm²
T1 30.8ns* 233.0ns 8.0 c 72.5 b 1.4 c 8.2 c
T2 34.0 263.2 22.2 a 159.0 a 21.4 a 123.5 a
T3 31.1 268.1 15.4 b 89.5 ab 9.0 b 81.7 b
T4 33.1 300.8 15.9 b 133.2 ab 11.2 b 92.1 b
C.V.
(%)
8.4 19.2 23.3 40.5 16.5 15.8
Signifi-
cance 0,3050 0,3592 0,0026 0,0688 0,0000 0,0000
Means followed by lowercase letters  in the same column do not
differ  at  a  p>0,05  by  the  Duncan  test.  ns:  Non-significant.  C.V.:
Coefficient of variation. Treatments: T1- control 0; T2 - 140 g a.i ha -1
at phenological stage V3; T3 - 140 g a.i ha-1 at phenological stage V6;
T4  -  70  g  a.i  ha-1  at  phenological  stage  V3  +  70  g  a.i  ha-1  at
phenological stage V6. * - means per plant.
There  was  no  difference  in  the  number  of
grains per plant among the treatments in the upper
and middle layers for both cultivars (Table 6). There
were  differences  among  treatments  in  the  lower
layer,  with  the  highest  number  of  grains  in  the
application of 140 g a.i ha-1 of lactofen in phenological
stage V3 (Treatment T2) for both cultivars  (Table  6).
Compared with  the  control  group,  which  generally
presented  the  lowest  values  for  this  variable,  the
percent  increases  in  the  number  of  grains  in  the
lower  layer  were  approximately  50%  and  34%  for
cultivars  NA  5009  RG  and  BMX  Potência  RR,
respectively.  This  higher  grain  yield  in  the  lower
layer of  the  plants  is  due to the  decrease in apical
dominance and reduction in height. The removal of
the apical meristem from soybean plants at 25 cm in
height  increased  the  grain  yield  (31).  There  is
improved  photosynthetically  active  radiation
interception with this reduction in height, especially
in  the  lower  layer,  increasing  the  net  carbon
assimilation  of  the  leaves  in  this  layer.  Thus,  the
plants  are  more  productive  when  compared  with
those that did not receive lactofen application. 
The  grain  weight  per  plant  in  the  different
layers followed the same pattern as the number of
grains,  where only  the  lower layer  differed among
the treatments (Table 6). The treatment that showed
the highest values was again  application of 140 g a.i
ha-1 of  lactofen in phenological  stage  V3  (Treatment
T2), with a mean of 2.52 g for NA 5909 RG and 4.56 g
for  BMX  Potência  RR.  The  means  for  the  other
treatments were 1.43 g and 3.30 g respectively, and
did not differ significantly from each other (Table 6).
When lactofen is applied in phenological stage V3, the
effect of breaking the apical dominance of the plants
is greater due to the higher concentration of auxin in
the apex of the plants at this stage, thereby attaining
greater modification in plant architecture (32). 
The  thousand-grain  weight  did  not  differ
among the treatments  for either  cultivar,  but  there
was a difference in the grain yield per hectare (Table
7).  The  treatment  that  resulted  in  the  highest
productivity in relation to the control was application
of 140 g a.i  ha-1 of lactofen in phenological stage V3
(Treatment T2) (Table 7). Cultivar NA 5909 RG showed
an increase in yield of 181 kg ha -1, and cultivar BMX
Potência RR showed an increase of 255 kg ha -1 (Table
7).  The  other  treatments  presented  no  significant
difference in relation to the control (Table 7). 
This  low  productivity  often  occurs  due  to
deficiencies  in  phytosanitary  control  and  is
exacerbated  due  to  the  low  interception  of  solar
radiation  caused  by  excessive  plant  growth,  which
causes canopy-shading  (33).  Thus, in soybean plants,
the  high  deposition  of  phytosanitary  products  and
solar radiation in the lower layer showed a superior
yield of grains in this stratum  (34). Therefore, plant
varieties  with  traits  resistant  to  diseases,  which
decreases  yield losses,  increase  profit  and result  in
more production of food are necessary (35). 
Conclusion
In  soybean  cultivars  the  interception  of
photosynthetically active radiation in the lower layer
increased  in  all  treatments  tested.  Lactofen
application increased the percent area covered and
the number of phytosanitary products spray droplets
per cm² in the middle and lower layers of the plants.
Moreover, the results showed that the use of lactofen
as  a  growth  inhibitor  in  phenological  stage  V3
increases the productive efficiency of soybean due to
changes to plant architecture and root development.
Future  research  using  lactofen  in  different
phenological stages and cultivars may provide more
insights into the performance of this growth inhibitor
in soybean.
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Table 7.  Thousand-grain weight and grains yield of two soybean
cultivars subjected to lactofen application
NA 5909 RG
Treatment TGW (g) Grain yield (kg ha-1)
T1 183.2ns* 4890.5 b
T2 177.7 5072.0 a
T3 175.6 4839.3 b
T4 179.8 4938.0 ab
C.V. (%) 6.2 2.40
Significance 0,8473 0,0876
BMX Potência RR
Treatment TGW (g) Grain yield (kg ha-1)
T1 152.6ns* 4168.5 bc
T2 151.9 4424.4 a
T3 154.0 4299.6 ab
T4 151.4 4052.5 c
C.V. (%) 2.1 3.9
Significance 0,7017 0,0591
Means followed by lowercase letters  in the same column do not
differ  at  a  p>0,05 by the Duncan test.  ns:  Non-significant.  TGW:
thousand-grain weight;  C.V.: Coefficient of variation. Treatments:
T1- control 0; T2 - 140 g a.i ha -1 at phenological stage V3; T3 - 140 g
a.i  ha-1  at phenological  stage V6; T4 - 70 g a.i ha-1  at phenological
stage V3 + 70 g a.i ha-1 at phenological stage V6. * - means per plant.
Table  6.  Number  of  grains  and  grain  weight  in  different  plant
thirds of two soybean cultivars subjected to lactofen application
NA 5909 RG
Treatment
Grains per third Grain weight per third (g)
Upper Middle Lower Upper Middle Lower
T1 51.2ns* 85.9ns 7.8 c 7.9ns 12.9ns 1.4 b
T2 48.0 77.4 14.7 a 7.9 12.1 2.5 a 
T3 53.8 91.1 10.0 b 8.6 13.2 1.5 b 
T4 44.7 79.9 7.5 c 7.4 13.5 1.4 b 
C.V. (%) 15.2 21.2 14.2 20.4 23.9 17.4
Significance 0,4242 0,7935 0,0002 0,7636 0,9522 0,0005
BMX Potência RR
Treatment
Grains per third Grain weight per third (g)
Upper Middle Lower Upper Middle Lower
T1 35.9ns* 65.1ns 22.7 b 4.8ns 9.8ns 3.6 b
T2 44.4 73.0 34.6 a 5.5 9.8 4.6 a
T3 40.8 70.4 21.5 b 5.2 10.5 3.0 b
T4 37.5 70.6 23.9 b 5.0 9.5 3.3 b
C.V. (%) 13.7 12.4 14.7 17.1 13.6 16.9
Significance 0,1602 0,6461 0,0021 0,7131 0,7531 0,0523
Means followed by lowercase letters  in the same column do not
differ  at  a  p>0,05  by  the  Duncan  test.  ns:  Non-significant.  C.V.:
Coefficient of variation. Treatments: T1- control 0; T2 - 140 g a.i ha -1
at phenological stage V3; T3 - 140 g a.i ha-1 at phenological stage V6;
T4  -  70  g  a.i  ha-1  at  phenological  stage  V3  +  70  g  a.i  ha-1  at
phenological stage V6. * - means per plant.
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